MW? 10 / 5 17 3 U 

OT05 Rec'd PCT/PTO I 7 DEC 2004 

l 

DESCRIPTION 
SERVOD1 RIVE SYSTEM AND CONTINUOUS WORKING 
SYSTEM OF PRESS MACHINE 



5 Technical Field 

The present invention relates to a servo drive system of a press 
machine applied to a turret punch press, and more particularly, to a 
continuous working system of a press machine applied to a turret punch 
press. 
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Background Art 

Conventionally, there are electric punch presses using a servo 
motor as a driving source of a ram. In punching working of a press 
machine such as a punch press, since extremely large noise is generated 
15 during the working, it is required to decrease this kind of noise as small 
as possible. 

Principles of generation of noise in the punching working are 
complicated, and reasons of generation of noise are varied depending 
upon various conditions such as the material of the work, the plate 

20 thickness, and the like. However, it is known that the noise is large 
when the punching speed by driving of a ram is fast, the noise becomes 
smaller when the punching speed becomes slower, and when the 
punching speed is constant, the noise is small when the load is light, 
and as the load becomes heavier, the noise becomes larger. 

25 The above conventional technique is disclosed in Japanese 

Patent Applications Laid-Open Nos. 2001-62591 and 2001-62596. 
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However, the conventional electric punch press generates a 
torque necessary for working by using a mechanism such as a toggle 
and a flywheel. Therefore, the, inertia caused by this mechanism 
delays the reciprocating motion of the ram. In addition, an operation 

5 shaft which vertically moves the ram and a main shaft of a servo motor 
is driven through a power transmission mechanism such as a gear, and a 
loss or a delay is generated by the power transmission mechanism. 
Even if the speed of the servo motor is controlled, the driving speed of 
the ram can not follow the speed of the servo motor easily, and 

10 therefore the conventional technique is not suitable for controlling the 
speed of the ram. 

For this reason, the conventional technique has problems that 
since the punching speed is set substantially at a constant value 
irrespective of the weight of the load, if the punching speed is set lower 

15 to decrease the noise, the operation efficiency is largely deteriorated, 
and if the punching speed is set higher to enhance the operation 
efficiency, a large noise is generated and thus, reduction of noise and 
enhancement of operation efficiency can not be satisfied at the same 
time. 

20 According to the conventional system, a predetermined 

punching pattern is switched in a hydraulic press system depending 
upon the plate thickness, material, and the like to satisfy both the noise 
reduction and increase of punching speed. Therefore, complicated 
control systems such as high-speed processing hardware and software 

25 are required. 

Generally, there are a hydraulic punch press using hydraulic 



pressure as the driving source of the ram and an electric punch press 
using a servo motor. In the punch press, the same punching die such 
as a nibble is used and a work is continuously punched in some cases. 
In such a continuous punching working, a speedup of the ram is 
5 required. 

In the conventional hydraulic punch press, however, since the 
ram is reciprocated using a hydraulic pressure and a switching valve, 
response speed is inferior to that of the electric control, and a response 
delay to the control command is generated and thus, the conventional 

10 hydraulic punch press is not suitable for speedup of the ram. 

Further, the conventional technique has problems that since the 
punching speed is set substantially at a constant value irrespective of 
the weight of the load, if the punching speed is set lower to decrease the 
noise, the operation efficiency is largely deteriorated, and if the 

15 punching speed is set higher to enhance the operation efficiency, a large 
noise is generated and thus, reduction of noise and enhancement of 
operation efficiency can not be satisfied at the same time. 

It is assumed herein to drive the operation shaft which vertically 
moves the ram, directly by the servo motor without through a power 

20 transmission mechanism such as a gear and without using a mechanism 
such as a toggle and a flywheel. If the operation shaft is driven 
directly by the servo motor, there is a possibility that the punching 
speed can automatically be increased or decreased according to the load, 
and with this, there is a possibility that both the noise reduction and the 

25 enhancement of operation efficiency can be satisfied at the same time. 

If a case where a mechanism such as a toggle and a flywheel is 



used for generating a torque necessary for the working and a case where 
the mechanism is not used (direct driving by the servo motor) are 
compared with each other, in the punching working using the punch 
press, since a large punching energy is required at the time of the 

5 punching working in addition to the kinetic energy for vertically 

moving the ram at high speed, a servo motor having a greater rating is 
required in the direct driving. 

In order to drive the operation shaft which vertically moves the 
ram directly by the servo motor, it is necessary to supply, to the servo 

10 motor, electric energy for high speed operation and for punching 

working, and a peak electricity of a control circuit for the servo motor 
becomes extremely high. 

The present invention has been achieved in order to solve the 
conventional problems, and it is a first object of the present invention to 

15 eliminate the conventional problems, and to provide a servo drive 

system of a press machine which can decrease a noise by automatically 
increasing and decreasing the punching speed according to a load 
without using a mechanism such as a toggle and a flywheel, and 
without using a power transmission mechanism such as a gear, and 

20 which can prevent mechanical portions corresponding to one side of the 
operation shaft from being distorted, and realize stabilized operation. 

It is a second object of the present invention to eliminate the 
conventional problems, and to provide a servo drive system of a press 
machine which can decrease a noise and enhance the operation 

25 efficiency at the same time by automatically increasing and decreasing 
the punching speed according to a load. 



5 

It is a third object of the present invention to eliminate the 
conventional problems, and to provide a continuous working system of 
a press machine in which transmission of a driving force is not delayed 
in principle, control delay is not generated, responding speed is high, 
5 and operation speed is high, while using a servo motor as a driving 
source of a ram without using a mechanism such as a toggle and a 
flywheel and a power transmission mechanism such as a gear. 

It is a fourth object of the present invention to eliminate the 
conventional problems, and to provide a servo drive system of a punch 
10 press which can decrease a noise and enhance the operation efficiency 
at the same time by automatically increasing and decreasing the 
punching speed according to a load, and reduce a peak electricity of a 
control circuit for the servo motor. 

15 Disclosure of the Invention 

To achieve the first object, a first aspect of the present invention 
provides a servo drive system of a press machine including: a ram; an 
operation shaft which vertically moves the ram; and a pair of servo 
motors which operate as power sources of the ram and which composite 

20 and use torques based on the same speed-torque characteristics, thereby 
generating necessary ram pressure, wherein the pair of servo motors are 
formed symmetrically with each other in a mirror image manner, the 
pair of servo motors are opposed to each other at opposite ends of the 
operation shaft, and the pair of servo motors are operated integrally so 

25 that the pair of servo motors directly drive the operation shaft to 
vertically move the ram. 



A second aspect of the present invention provides the servo 
drive system according to the first aspect, wherein a power unit of a 
servo amplifier of one of the pair of servo motors and a power unit of a 
servo amplifier of the other of the pair of servo motor are driven by the 

5 same gate signal, thereby integrally operating both the servo motors. 

A third aspect of the present invention provides the servo drive 
system according to the first or the second aspect, wherein the pair of 
servo motors use a torque based on speed-torque characteristics of a 
motor, and if a load is received from a work during a lowering 

10 operation of the ram to generate necessary ram pressure without 

utilizing inertia of a mechanism, speeds of both the servo motors are 
reduced according to the load, thereby reducing the lowering speed of 
the ram. 

A fourth aspect of the present invention provides the servo drive 
15 system according to any one of the first to the third aspects, wherein the 
operation shaft which vertically moves the ram comprises an eccentric 
shaft, and the eccentric shaft of the servo motor is formed as a motor 
main shaft. 

A fifth aspect of the present invention provides the servo drive 
20 system according to any one of the first to the fourth aspects, wherein 
sleeves each provided at its outer periphery with an even number of 
magnetic pole magnets along a circumferential direction thereof at 
predetermined distances from one another are fitted over peripheries of 
left and right end extensions of the eccentric shaft, thereby forming 
25 rotors of the pair of servo motors, magnetic pole positions (positions of 
the magnetic pole magnets in the circumferential direction) of the left 



and right sleeves are positioned such that the sleeves are symmetric 
with each other in a mirror image manner and the sleeves are fixed by 
bushes, stators of the pair of servo motors have outer cylinders around 
which three-phase armature windings are wound, and the outer 

5 cylinders are respectively fitted over the rotors, and the left and right 
outer cylinders are positioned such that positions of the three-phase 
armature windings of the outer cylinders in the circumferential direction 
are symmetric with each other in a mirror image manner, and the outer 
cylinders are fixed to left and right supporting frames of the eccentric 

10 shaft. 

According to the servo drive system of the first to the fifth 
aspects, since the operation shaft is directly driven by using the pair of 
servo motors which can generate necessary ram pressure, a mechanism 
such as a toggle and a flywheel as well as a power transmission 

15 mechanism such as a gear are not used and thus, the punching speed 
can automatically be increased or reduced according to the load. 

Further, a noise can be reduced, a distortion is prevented from 
being generated in various portions of the machine corresponding to 
one side of the operation shaft, and stable operation can be realized. 

20 To achieve the second object, a sixth aspect of the present 

invention provides a servo drive system of a press machine which uses 
a servo motor as a driving source of a ram, wherein the servo motor 
uses a torque based on speed-torque characteristics of a motor, 
necessary ram pressure can be generated without utilizing inertia of a 

25 mechanism, the system employs the servo motor in which if a load is 
received from a work during a lowering operation of the ram, motor 
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speed is reduced according to the load, thereby reducing the lowering 
speed of the ram, and the servo motor directly drives an operation shaft 
which vertically moves the ram. 

A seventh aspect of the present invention provides a servo drive 
system of a press machine which uses a pair of servo motors as driving 
sources of a ram, wherein the pair of servo motors are opposed to each 
other at opposite ends of an operation shaft which vertically moves a 
ram, the servo motors composite and use torques based on the same 
speed-torque characteristics, the system employs the pair of servo 
motors in which if a load is received from a work during a lowering 
operation of the ram, motor speed is reduced according to the load, 
thereby reducing the lowering speed of the ram, and the pair of servo 
motors are integrally operated, thereby directly driving the operation 
shaft. 

An eighth aspect of the present invention provides the servo 
drive system according to the sixth or the seventh aspect, wherein the 
operation shaft which vertically moves the ram comprises an eccentric 
shaft, and the eccentric shaft of the servo motor is formed as a motor 
main shaft. 

According to the servo drive system of the sixth to the eighth 
aspects, the system employs the servo motor in which if a load is 
received from a work during a lowering operation of the ram, the 
lowering speed of the ram is reduced, and the operation shaft which 
vertically moves the ram is directly driven. Therefore, the punching 
speed can automatically be increased or reduced according to the load. 
With this, the noise can be reduced and the operation efficiency can be 
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enhanced at the same time. 

To achieve the third object, a ninth aspect of the present 
invention provides a continuous working system of a press machine 
which uses a servo motor as a power source of a ram, wherein an 

5 operation shaft which vertically moves the ram is directly driven by 
using a servo motor which can generate necessary ram pressure by 
using a torque based on speed-torque characteristics of a motor, and the 
operation shaft is continuously reciprocated and turned through an 
angle range corresponding to a distance between a predetermined lower 

10 end position required for press working and a position where the ram is 
returned from the lower end position and a lower end of the ram is 
separated from a tool upper surface such that the ram vertically moves 
between these positions by the servo motor, thereby subjecting a work 
to a continuous press working. 

15 A tenth aspect of the present invention provides a continuous 

working system of a press machine which uses a pair of servo motors as 
power sources of a ram, wherein the pair of servo motors are disposed 
opposed to each other at opposite ends of an operation shaft which 
vertically moves the ram, the servo motors composite and use a torque 

20 based on the same speed-torque characteristics so that the servo motors 
can generate necessary ram pressure and the operation shaft which 
vertically moves the ram is directly driven by using the servo motors, 
and the operation shaft is continuously reciprocated and turned through 
an angle range corresponding to a distance between a predetermined 

25 lower end position required for press working by the ram and a position 
where the ram is returned from the lower end position and a lower end 
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of the ram is separated from a tool upper surface such that the ram 
vertically moves between these positions by the pair of servo motors, 
thereby subjecting a work to a continuous press working. 

An eleventh aspect of the present invention provides the 
continuous working system of the press machine according to the ninth 
or the tenth aspect, wherein the servo motor uses a torque based on the 
speed-torque characteristics of the motor, and the servo motor can 
generate necessary ram pressure without utilizing inertia of a 
mechanism. 

A twelfth aspect of the present invention provides the 
continuous working system of the press machine according to the ninth 
or the tenth aspect, wherein the operation shaft which vertically moves 
the ram comprises an eccentric shaft, and the eccentric shaft of the 
servo motor is formed as a motor main shaft. 

According to the continuous working system of the ninth to the 
twelfth aspects, the operation shaft is reciprocated and turned 
continuously through the angle range corresponding to the distance 
between both the positions of the ram by the servo motor, thereby 
subjecting the work to the continuous press working. Therefore, the 
operation shaft which vertically moves the ram can be directly driven 
by the servo motor without using a mechanism such as a toggle and a 
flywheel or a power transmission mechanism such as a gear. 
Therefore, transmission of a driving force is not delayed in principle, 
control delay is not generated, responding speed is high, and operation 
speed is high. 

To achieve the fourth object, a thirteenth aspect of the present 
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invention provides a servo drive system of a punch press which uses a 
servo motor as a power source of a ram, wherein an operation shaft 
which vertically moves the ram is directly driven by using the servo 
motor which can generate necessary ram pressure by using a torque 
based on speed-torque characteristics of a motor, and the servo motor 
has a control power driver, the power driver being provided at its front 
stage with a reactor which suppresses peak current by cutting off high 
frequency current component, and a capacitor which supplies electric 
energy which becomes short due to suppression of the peak current. 

A fourteenth aspect of the present invention provides the servo 
drive system of the press machine according to the thirteenth aspect, 
wherein the capacitor supplies high speed operation electric energy 
and/or punching out electric energy which become short due to 
suppression of the peak current. 

According to the servo drive system of the thirteenth and the 
fourteenth aspects, the servo motor has the control power driver, the 
power driver being provided at its front stage with the reactor which 
suppresses peak current by cutting off high frequency current 
component, and the capacitor which supplies electric energy which 
becomes short due to suppression of the peak current. Therefore, it is 
possible to decrease a noise and to enhance the operation efficiency at 
the same time by automatically increasing and decreasing the punching 
speed according to a load, and it is possible to reduce a peak electricity 
of a control circuit for the servo motor. 



Brief Description of the Drawings 
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Fig. 1 is a vertical sectional view of an essential portion 
showing an embodiment of a servo drive system (continuous working 
system) of a press machine according to the present invention; 

Fig. 2 is a right side view of an essential portion shown in Fig. 

5 1; 

Fig. 3 is a connection diagram showing an example of a 
structure of a servo motor shown in Fig. 1 and a servo amplifier which 
drives the servo motor; 

Figs. 4A, 4B, and 4C are explanatory views showing an 
10 operation region of an eccentric shaft portion (ram) of an eccentric 
shaft; 

Fig. 5 is a graph showing an example of speed-torque 
characteristics of the servo motor; 

Fig. 6 is a diagram showing actually measured data of a 
15 punching working when there is no work; 

Fig. 7A is a diagram showing feature extraction waveform data 
based on the actually measured data shown in Fig. 6; 

Fig. 7B is a diagram showing punching torque-speed 
characteristics based on the actually measured data shown in Fig. 6; 
20 Fig. 8 is a diagram showing actually measured data of a 

punching working when a thin plate work is punched out using a punch 
having a small diameter; 

Fig. 9A is a diagram showing the feature extraction waveform 
data based on the actually measured data shown in Fig. 8; 
25 Fig. 9B is a diagram showing punching torque-speed 

characteristics based on the actually measured data shown in Fig. 8; 
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Fig. 10 is a diagram showing actually measured data of a 
punching working when a thin plate work is punched out using a punch 
having a large diameter; 

Fig. 11 A is a diagram showing the feature extraction waveform 
5 data based on the actually measured data shown in Fig. 10; 

Fig. 1 IB is a diagram showing the punching torque-speed 
characteristics based on the actually measured data shown in Fig. 10; 

Fig. 12 is a diagram showing actually measured data of a 
punching working when a thick plate work is punched out using a 
10 punch having a small diameter; 

Fig. 13A is a diagram showing the feature extraction waveform 
data based on the actually measured data shown in Fig. 12; 

Fig. 13B is a diagram showing the punching torque-speed 
characteristics based on the actually measured data shown in Fig. 12; 
15 Fig. 14 is a vertical sectional view of an essential portion 

showing another embodiment of the servo drive system (continuous 
working system) of the press machine according to the present 
invention; 

Fig. 15 is a right side view of an essential portion shown in Fig. 

20 14; and 

Fig. 16 is a connection diagram showing an example of a 
structure of a servo motor shown in Fig. 14 and a servo amplifier which 
drives the servo motor. 

25 The Best Mode for Carrying Out the Invention 

Embodiments of the present invention will be explained in detail 
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with reference to the accompanying drawings. 

Fig. 1 is a vertical sectional view of an essential portion 
showing an embodiment of a servo drive system (continuous working 
system) of a press machine according to the present invention, and Fig. 
2 is a right side view thereof. The servo drive system (continuous 
working system) 1 of the press machine is applied to a turret punch 
press 10. 

The turret punch press 10 has an eccentric shaft 20 which is 
pivotally supported by bearings 12a and 12b provided on frames 11a 
and lib which stand in parallel to each other. The eccentric shaft 20 
has an eccentric shaft portion 20e located substantially at a central 
portion between the frames 1 1 a and 1 lb. A ram 22 is mounted on the 
eccentric shaft portion 20e through a connecting rod 21 . If the 
eccentric shaft 20 rotates or turns, the ram 22 is vertically moved 
through the connecting rod 21 along a ram guide 23, and a striker 24 
mounted on a lower end of the ram 22 is also vertically moved in 
unison with the ram 22. When the ram 22 moves downward, the 
striker 24 pushes a punching die 26 mounted on a turret 25 to punch a 
work out. 

The eccentric shaft 20 is provided at its opposite ends with 
extensions 20a and 20b which extend outward from the frames 11a and 
1 lb. Servo motors 30a and 30b using the extensions 20a and 20b as 
motor main shafts 31a and 31b are respectively mounted on outer sides 
of the frames 11a and lib. 

In the servo motor 30a, the extension 20a of the eccentric shaft 
20 is constituted as the motor main shaft 31a. That is, a sleeve 33a is 
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provided at its outer periphery with an even number (four) of magnetic 
pole magnets (permanent magnets) 32a in a circumferential direction at 
predetermined distances (90°) from one another. The sleeve 33a is 
fitted around and fixed to a periphery of the extension 20a of the 
eccentric shaft 20 through a bush 34a, thereby constituting a rotor 35a. 
The extension 20a of the eccentric shaft 20 serves as a center axis of the 
rotor 3 5a. The extension 20a is the motor main shaft 3 1 a itself. 
Therefore, the servo motor 30a uses the extension 20a, i.e., the 
eccentric shaft 20 substantially as the rotor 35a. 

In the servo motor 30a, an outer cylinder 36a around which 
three-phase armature windings Ua, Va, and Wa are wound is fitted over 
the rotor 35a and fixed to the frame 11a, thereby constituting a stator 
37a. 

On the other hand, in the servo motor 30b, like the servo motor 
30a, the extension 20b of the eccentric shaft 20 is constituted as the 
motor main shaft 3 lb. That is, a sleeve 33b is provided at its outer 
periphery with an even number (four) of magnetic pole magnets 
(permanent magnets) 32b in a circumferential direction at 
predetermined distances (90°) from one another. The sleeve 33b is 
fitted around and fixed to a periphery of the extension 20b of the 
eccentric shaft 20 through a bush 34b, thereby constituting a rotor 35b. 
The extension 20b of the eccentric shaft 20 serves as a center axis of the 
rotor 35b. The extension 20b is the motor main shaft 3 lb itself. 
Therefore, the servo motor 30b uses the extension 20b, i.e., the 
eccentric shaft 20 substantially as the rotor 35b. 

In the servo motor 30b, an outer cylinder 36b around which 
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three-phase armature windings Ub, Vb, and Wb are wound is fitted over 
the rotor 35b and fixed to the frame lib, thereby constituting a stator 
37b. 

The servo motor 30a and the servo motor 30b are the same, but 
they are symmetric with each other in a mirror image manner. Except 
this point, the servo motors 30a and 30b are completely the same, and 
they are integrally provided with the rotors 35a and 35b. Therefore, a 
rotary encoder 38 which detects rotation angles of the rotors 35a and 
35b is provided on one of the servo motors (e.g., 30b) and the rotary 
encoder 38 is commonly used. The servo motors 30a and 30b have 
the same speed-torque characteristics, and a torque based on the 
speed-torque characteristics is synthesized and used. With this, the 
servo motors 30a and 30b have a function of generating necessary ram 
pressure. 

That is, the magnetic pole of the rotor 35a of the servo motor 
30a (position of the magnetic pole in the circumferential direction of the 
magnetic pole magnet 32a) and the magnetic pole of the rotor 35b of 
the servo motor 30b (position of the magnetic pole in the 
circumferential direction of the magnetic pole magnet 32b) are 
positioned and mounted symmetrically with each other in the mirror 
image manner, and the three-phase armature windings Ua, Va, and Wa 
of the servo motor 30a and the three-phase armature windings Ub, Vb, 
and Wb of the servo motor 30b are positioned and mounted 
symmetrically with each other in the mirror image manner in the 
circumferential direction. 

Thus, as shown in Fig. 3, if a power driver 42a of a servo 
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amplifier 40a which is a control circuit of the servo motor 30a, and a 
power driver 42b of a servo amplifier 40b which is a control circuit of 
the servo motor 30b are driven by the same gate signal, only 
three-phase alternating current having the same phase and same current 
values flows to the servo motor 30a and the servo motor 30b. 
Therefore, a torque vector of the servo motor 30a and a torque vector of 
the servo motor 30b have the same phase and thus, a composite torque 
of the servo motor 30a and the servo motor 30b becomes an exact sum 
of torques of the servo motors 30a and 30b. This relation is the same 
irrespective of whether the servo motors 30a and 30b are separately 
formed as shown in Figs. 1 and 3 or the servo motors 30a and 30b are 
integrally formed as the three-phase parallel circuit as shown in Figs. 14 
and 16. 

As shown in Fig. 3, the servo amplifier 40a includes a converter 
41a which A-D converts three-phase commercial alternating power 
supply, a power driver 42a, a reactor 43a which is provided on a front 
stage of the power driver 42a and which suppresses peak current by 
cutting off high frequency current component, and a capacitor 44a for 
storage having a large capacity. Six power transistors Q of the power 
driver 42a are driven by a gate signal so that the servo amplifier 40a 
drives the servo motor 30a by three-phase alternating output of the 
power driver 42a. Diodes D for flowing regenerative current 
generated during speed reducing period of the servo motor 30a are 
connected to the power transistors Q of the power driver 42a. The 
regenerative current flows into the capacitor 44a and is accumulated as 
regenerative electricity. The capacitor 44a supplies electric energy 
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which runs short due to suppression of the peak current by the reactor 
43a using the regenerative electricity, i.e., the capacitor 44a supplies 
high speed operation electric energy and/or punching out electric energy. 
The servo amplifier 40b has the same structure as that of the servo 

5 amplifier 40a. 

By such control of the servo amplifiers 40a and 40b, the servo 
motors 30a and 30b reciprocate and turn the eccentric shaft 20 through 
an angle range 0 corresponding to a space between positions L and H so 
that the eccentric shaft portion 20e of the eccentric shaft 20 vertically 

10 moves between the L position corresponding to a case where the ram 22 
is in a predetermined lower end position required for punching working 
(see Figs. 4A to 4C) and the H position corresponding to a case where 
the ram 22 is returned from the L position and is in an upper end 
position where the striker 24 at a lower end of the ram 22 is separated 

15 from an upper surface of the punching die 26. With this, a work is 
punched. 

As shown in Fig. 4A, the L position of the eccentric shaft 
portion 20e of the eccentric shaft 20 corresponding to the lower end 
position of the ram 22 is set to a position slightly short of and above a 

20 bottom dead center B of the entire vertically possible stroke of the ram 
22 determined by an eccentric amount E (distance between an axis of 
the eccentric shaft 20 and an axis of the eccentric shaft portion 20e) of 
the eccentric shaft 20. Further, the H position of the eccentric shaft 
portion 20e of the eccentric shaft 20 corresponding to the upper end 

25 position of the ram 22 is set to a position slightly below a medium 

height M of the entire vertically possible stroke of the ram 22. That is, 
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although the reciprocating turning angle range 9 of the eccentric shaft 
20 depends on the stroke of the punching die 26 to be used, the angle 
range 0 is set to about 40° to 60°. 

As shown in Fig. 4B, in the servo motors 30a and 30b, the 
eccentric shaft portion 20e (i.e., ram 22) of the eccentric shaft 20 is 
positioned on a top dead center T when the die is to be exchanged or the 
turret is to be rotated. When the working is started, the servo motors 
30a and 30b turn the eccentric shaft portion 20e of the eccentric shaft 
20 to the L position corresponding to the lower end position of the ram 
22 from the top dead center T, thereby lowering the ram 22, and after a 
first punching working is carried out, the eccentric shaft portion 20e is 
returned to the H position corresponding to the upper end position of 
the ram 22 where the ram 22 stands-by. In a second or subsequent 
punching working, the eccentric shaft portion 20e of the eccentric shaft 
20 is turned such as to reciprocate through the reciprocating turning 
angle range 0 between the H position and the L position. 

Among the entire rotating range of the eccentric shaft portion 
20e of the eccentric shaft 20, if a half circumferential range is always 
used as shown in Fig. 4B, there is an adverse possibility that 
inconvenience is generated because lubricant oil is not delivered 
uniformly and various portions are not equally used. To avoid such 
inconvenience, the servo motors 30a and 30b are arranged such that the 
opposite half circumferential range is also used as required as shown in 
Fig. 4C. It is preferable that the side shown in Fig. 4B and the side 
shown in Fig. 4C are switched whenever the die is to be exchanged or 
the turret is to be rotated, or automatically according to a predetermined 
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number of punching operations. 

According to the turret punch press 10 of the present 
embodiment, the pair of servo motors 30a and 30b are respectively 
mounted on the outer sides of the frames 11a and lib. Therefore, no 

5 distortion is generated in mechanical parts corresponding to one side of 
the eccentric shaft 20. That is, for example, the servo motors 30a and 
30b are integrally formed as one servo motor (30) including a 
three-phase parallel circuit. The servo motor (30) can be mounted 
only on the outer side of the frame 1 1 a or the frame lib. In this case, 

10 since a stress caused by the weight of the servo motor (30) is received 
only by one frame 11a or lib, distortion is generated in both the frames 
11a and lib, and distortion is generated due to uneven heat generated 
by the servo motor (30). Further, since the stresses of the bearings 12a 
and 12b are also different from each other, it is necessary to deal with 

15 this problem. With the turret punch press 10, however, there is a merit 
that such stress distortion is not generated, and the heat can be dispersed 
and equalized. Therefore, stable operation can be realized. 

As explained above, the servo motors 30a and 30b directly drive 
the eccentric shaft 20, and the eccentric shaft 20 continuously 

20 reciprocates and turns only in the reciprocating turning angle range 0 
between the L position corresponding to the lower end position of the 
ram 22 and the H position corresponding to the upper end position of 
the ram 22. This operation is extremely effective for speeding up the 
ram 22 when a work is subjected to continuous punching working. 

25 The operation of the present embodiment will be explained next 

with reference to explanatory views shown in Figs. 5 to 13B. 
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Fig. 5 shows examples 1) and 2) of speed-torque characteristics 
of the servo motors 30a and 30b. Fig. 5 shows the upper limit speed at 
which the servo motors 30a and 30b can be operated when a driving 
torque of the ram 22 required for a load applied to the ram 22 is to be 
generated. 

As can be seen from Fig. 5, with the servo motors 30a and 30b, 
when a load applied to the ram 22 is light, since the required torque is 
small, the driving speed of the ram 22 is not reduced and the punching 
speed of the punching is fast. On the other hand, as the load applied to 
the ram 22 is heavier, the required torque becomes greater, the driving 
speed of the ram 22 is reduced, and the punching speed of punching 
becomes slower. Reasons of generation of noise by punching working 
are varied depending upon various conditions such as the material of 
the work, the plate thickness, and the like. However, it is known that 
the noise is large when the punching speed by driving of a ram is fast, 
the noise becomes smaller when the punching speed becomes slower, 
and when the punching speed is constant, the noise is small when the 
load is light, and as the load becomes heavier, the noise becomes larger. 
From this fact, like the speed-torque characteristics of the servo motors 
30a and 30b shown in Fig. 5, as the load is heavier, the ram speed 
becomes slower, and this reduces the noise. Further, it is apparent, 
from the following actually measured data of punching working of 
various works and feature extraction waveform data based thereon, that 
such reduction in ram speed does not deteriorate the operation 
efficiency. 

Fig. 6 shows the actually measured data of a punching working 
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when there is no work, Fig. 7A shows the feature extraction waveform 
data based on the actually measured data, and Fig. 7B shows the 
punching torque-speed characteristics based on the actually measured 
data. 

5 As shown in Figs. 6, 7 A, and 7B, when there is no work, in a 

first half of one cycle of the ram 22, a speed curve and a torque curve 
rise in a normal rotation direction to keep constant values. With this, a 
ram position curve is substantially uniformly lowered from the upper 
end position (corresponding to H position) to the lower end position 
10 (corresponding to L position). Next, in a second half of the one cycle 
of the ram 22, the speed curve and the torque curve rise in the reverse 
rotation direction to keep the constant values. With this, the ram 
position curve is substantially uniformly moved upward from the lower 
end position (corresponding to L position) to the upper end position 
15 (corresponding to H position). 

Fig. 8 shows the actually measured data of a punching working 
when a thin plate work is punched out using a punch having a small 
diameter, Fig. 9A shows the feature extraction waveform data based on 
the actually measured data, and Fig. 9B shows the punching 
20 torque-speed characteristics based on the actually measured data. 

As shown in Figs. 8 to 9B, when the thin plate work is punched 
out using the punch having the small diameter, the behavior in the first 
half of one cycle of the ram 22 is different from that in the case shown 
in Figs. 6 to 7B. That is, in the initial operation, like the case shown in 
25 Figs. 6 to 7B, the speed curve and the torque curve rise in the normal 
rotation direction to the constant values. With this, the ram position 
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curve starts lowering substantially uniformly from the upper end 
position (corresponding to H position). However, if the striker 24 of 
the lower end of the ram 22 pushes the punching die 26 and a tip end of 
the punching die 26 abuts against an upper surface of the work and the 
striker 24 receives a load from the work, the torque curve abruptly rises 
and the speed curve is reduced and with this, the lowering motion of the 
ram position curve becomes moderate (slow). If the tip end of the 
punching die 26 lowers to a position short of a lower surface of the 
work and the load received from the work is abruptly reduced, the 
torque curve abruptly lowers, the speed curve is accelerated beyond the 
constant value to restore the speed reduction and with this, the lowering 
speed of the ram position curve is also accelerated. Thereafter, in the 
second half of one cycle of the ram 22, like the case shown in Figs. 6 to 
7B, the ram position curve substantially uniformly rises from the lower 
end position (corresponding to L position) to the upper end position 
(corresponding to H position). 

Fig. 10 shows the actually measured data of a punching working 
when a thin plate work is punched out using a punch having a large 
diameter, Fig. 11 A shows the feature extraction waveform data based on 
the actually measured data, and Fig. 11B shows the punching 
torque-speed characteristics based on the actually measured data. 

As shown in Figs. 10 to 11B, when a thin plate work is punched 
out using a punch having a large diameter, the behavior in the first half 
of one cycle of the ram 22 is different from that in the case shown in 
Figs. 8 to 9B. That is, in the initial operation, like the case shown in 
Figs. 8 to 9B, the speed curve and the torque curve rise in the normal 
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rotation direction to the constant values. With this, the ram position 
curve starts lowering substantially uniformly from the upper end 
position (corresponding to H position). However, if the striker 24 of 
the lower end of the ram 22 pushes the punching die 26 and load from 
the work is received, since the diameter of the punch is larger than that 
shown in Figs. 8 to 9B, a load received from the work is great and thus, 
the torque curve rises largely as compared with the case shown in Figs. 
8 to 9B, and the speed curve reduces largely as compared with the case 
shown in Figs. 8 to 9B. With this, the lowering motion of the ram 
position curve becomes much more moderate (slower) than that shown 
in Figs. 8 to 9B. If the tip end of the punching die 26 lowers to a 
position short of the lower surface of the work and the load received 
from the work is abruptly reduced, the torque curve abruptly lowers, the 
speed curve is accelerated larger than that shown in Figs. 8 to 9B so as 
to restore the speed reduction and with this, the lowering speed of the 
ram position curve is also accelerated larger than that shown in Figs. 8 
to 9B. Thereafter, in the second half of one cycle of the ram 22, like 
the case shown in Figs. 8 to 9B, the ram position curve substantially 
uniformly rises from the lower end position (corresponding to L 
position) to the upper end position (corresponding to H position). 

Fig. 12 shows the actually measured data of a punching working 
when a thick plate work is punched out using a punch having a small 
diameter, Fig. 13A shows the feature extraction waveform data based 
on the actually measured data, and Fig. 13B shows the punching 
torque-speed characteristics based on the actually measured data. 
As shown in Figs. 12 to 13B, when a thick plate work is 
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punched out using a punch having a small diameter, since the plate of 
the work is thicker as compared with the case shown in Figs. 8 to 9B, a 
load received from the work is greater. Therefore, the behavior in the 
first half of one cycle of the ram 22 is different from that of the case 
shown in Figs. 8 and 9, but the difference is not great as compared with 
the case shown in Figs. 10 to 11B. 

If the speed curve is reduced depending upon the magnitude of 
the load applied to the ram 22 and the lowering motion of the ram 
position curve becomes moderate (slow), the speed curve is accelerated 
beyond the constant value to restore the speed reduction, and the 
lowering speed of the ram position curve is also accelerated, and the 
reduction in ram speed caused by the load is absorbed and overcome as 
acceleration and deceleration in one cycle of the ram 22. Therefore, 
time required through one cycle of the ram 22 is substantially the same, 
and this does not hinder the speed up of the ram 22. 

Such speed-torque characteristics of the motor can be explained 
as follows. The motor converts the supplied electric energy into 
energy applied to a load. With the servo motors 30a and 30b, the 
magnitude of the supplied electric energy is determined by the servo 
amplifiers 40a and 40b, voltage of power supply is also limited, and 
voltage equal to or greater than the power supply voltage can not be 
applied. 

On the other hand, with the servo motors 30a and 30b, energy 
applied to a load, i.e., the motor torque carries out the punching action 
of the punching during the lowering operation of the ram in a cycle 
where the normal rotation of appropriate acceleration which lowers the 
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ram 22 and the reverse rotation of the appropriate acceleration which 
moves the ram 22 upward are repeated. Therefore, the motor torque 
can be divided into a torque for generating kinetic energy of the ram 22 
and a torque for generating the punching pressurizing force. 

In such a case, if the acceleration is very slow (if the vertical 
movement of the ram 22 is delayed), a small amount of kinetic energy 
generating torque suffices and thus, almost all of the motor torque can 
be utilized as the pressurizing force generating torque. Therefore, 
even if a great pressurizing force is required depending upon the 
conditions such as the plate thickness and material of the work, 
sufficient pressurizing force can be generated, and the kinetic energy 
generating torque does not come short and the speed of the ram 22 is 
not affected. 

In actual practice, since high acceleration to some extent (fast 
vertical movement of the ram 22) is required for the operation 
efficiency, the amount of pressurizing force generating torque of the 
motor torque is limited. Therefore, if a great pressurizing force is 
required depending upon the conditions such as the plate thickness and 
material of the work, most of the motor torque is used for generating 
the pressurizing force, the kinetic energy generating torque comes short, 
the speed of the ram 22 can not be maintained, and the lowering speed 
of the ram 22 is reduced. 

However, the deceleration of the lowering speed of the ram 22 is 
the characteristic which is extremely effective for reducing a noise 
caused by the punching operation of punching, a noise caused by 
vibration, and vibration itself. That is, when the required pressurizing 
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force (the number of pressure tons) is relatively small depending upon 
the conditions such as the plate thickness and material of the work, 
since the speed reduction of the lowering speed of the ram 22 is small, 
the punching action with light load becomes relatively fast. When the 
5 required pressurizing force (the number of pressure tons) is relatively 
large, since the speed reduction of the lowering speed of the ram 22 is 
large, the punching action with heavy load becomes relatively slow. 
The variation in punching speed is automatically determined according 
to the required pressurizing force (the number of pressure tons). Thus, 
io a command of punching pattern (lowering pattern of the ram 22) by the 
number of punching tons is not necessary. That is, it becomes 
impossible to maintain the lowering speed of the ram 22 and with this, 
optimal punching pattern (lowering pattern of the ram 22) is 

automatically produced. 

Conversely, the speed-torque characteristics of the servo motors 
30a and 30b to be used are set such that motor torques of the servo 
motors 30a and 30b at which the capacity of the electric energy 
supplied by the servo amplifiers 40a and 40b is determined become 
motor torques at which an optimal punching pattern (lowering pattern 
of the ram 22) is generated from a light load to a heavy load according 
to the type of work to be worked on by the turret punch press 10. 
With this, a noise caused by the punching action of punching, a noise 
caused by vibration, and the vibration itself can be reduced. 

In an electric punch press in which a mechanism such as a 
toggle and a flywheel is not used and a motor and a ram operation shaft 
* directly connected to each other, it can be said that the punch press 
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that can reduce a noise caused by the punching action of punching, a 
noise caused by vibration, and the vibration itself based on the 
explanation with reference to Figs. 5 to 13B has the same speed-torque 
characteristics as those of the servo motors 30a and 30b of the servo 
drive system (continuous working system) 1 according to the present 
invention. 

The operation of the reactors 43a and 43b and the capacitors 44a 
and 44b of the servo amplifiers 40a and 40b will be explained. 

If a value of each of the reactors 43a and 43b is defined as L, 
since the impedance Z is Z=2ufL, a resistance is high to a high 
frequency component. For this reason, the peak current of the reactors 
43a and 43b can be suppressed by cutting off the high frequency current 
component. With this, since the peak electricity of the servo 
amplifiers 40a and 40b can be suppressed, if reactors 43a and 43b 
having extremely large L values are used, the peak electricity can be 
adjusted to such a value that it is substantially unnecessary to change 
contracted electric power with respect to a power company, as 
compared with a case where a mechanism such as a toggle and a 

flywheel is utilized. 

However, in the case of the punching working using a punch 
press, in order to move, at high speed, the eccentric shaft 20 which 
vertically moves the ram 22, large kinetic energy is required, and its 
frequency is also high. Thus, if the L values of the reactors 43a and 
43b become significantly large, there is an adverse possibility that high 
speed operation electric energy can not be supplied from the servo 
amplifiers 40a and 40b to the servo motors 30a and 30b in time. In the 
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case of the punching working using the punch press, since large 
punching energy is required at the time of the punching working, if the 
L values of the reactors 43a and 43b become significantly large, there is 
an adverse possibility that the supply of the punching operation electric 
energy from the servo amplifiers 40a and 40b to the servo motors 30a 
and 30b becomes insufficient. 

To complement the supply of the high speed operation electric 
energy and/or the supply of the punching operation electric energy from 
the servo amplifiers 40a and 40b to the servo motors 30a and 30b, there 
are provided the capacitors 44a and 44b. If the capacitors 44a and 44b 
having significantly large capacity are used, electric energy required for 
the high speed operation and/or electric energy required for the 
punching operation can sufficiently be supplied from the servo 
amplifiers 40a and 40b to the servo motors 30a and 30b. 

Therefore, if the reactors 43a and 43b having the significantly 
large L values and the capacitors 44a and 44b having the significantly 
large capacity are used, the peak electricity can be reduced as desired, 
and the high speed punching working can be carried out according to 
proper performance of the turret punch press 10. 

Although both the servo motors 30a and 30b are integrally 
operated in the present embodiment, the present invention is not limited 
to this. For example, when the load is extremely light and a work can 
sufficiently be subjected to the working using torque of one of the servo 
motors 30a and 30b, only one of them may be energized and operated. 
With this, as compared with when both the servo motors 30a and 30b 
are integrally operated with respect to such an extremely light load, 
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there is a possibility that the lowering speed of the ram 22 becomes 
moderate and the noise is reduced, and power may be saved. However, 
it is preferable to take necessary measures against heat such as cooling. 

Fig. 14 is a vertical sectional view of an essential portion 
showing another embodiment of the servo drive system (continuous 
working system) of the press machine according to the present 
invention, and Fig. 15 is a right side view of the essential portion. A 
servo drive system (continuous working system) 101 of this press 
machine is applied to a turret punch press 110. 

As shown in Fig. 16, the turret punch press 110 uses one servo 
motor 130 which integrally includes servo motors 30a and 30b as a 
three-phase parallel circuit instead of the pair of servo motors 30a and 
30b. The turret punch press 1 10 has the same speed-torque 
characteristics as those of the servo motors 30a and 30b. Thus, the 
servo motor 130 is larger than one of the servo motors 30a and 30b in 
size and correspondingly, an eccentric shaft 120 is formed only at its 
one end with an extension 120a extending longer than the extension 20a. 
A servo motor 130 using this extension 120a as a motor main shaft 131 
is mounted on an outer side of a frame 111a. Other structures of the 
servo drive system (continuous working system) 101 of the press 
machine are the same as those of the servo drive system (continuous 
working system) 1 of the press machine shown in Figs. 1 and 2. 
Therefore, the elements of the servo drive system (continuous working 
system) 101 which are the same as those of the system shown in Figs. 1 
and 2 are designated with the reference numbers to which 100 is added, 
and detailed explanation of the structures of various portions of the 
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servo drive system (continuous working system) 101 of the press 
machine will be omitted. The operation of the servo drive system 
(continuous working system) 101 of the press machine is also the same 
as that of the servo drive system (continuous working system) 1 of the 

5 press machine. 

If a single drive turret punch press 110 having only one servo 
motor 130 and a twin drive turret punch press 10 having a pair of servo 
motors 30a and 30b are compared with each other, there are following 
differences. That is, in the single drive turret punch press 1 10, since a 
10 stress caused by the weight of the servo motor 1 30 is received only by 
the frame 111b, distortion is generated in the frames 111a and 111b. 
Further, a distortion caused by non-uniform heat is also generated by 
the heat of the servo motor 1 30. Stresses of the bearings 1 12a and 
1 12b are also different from each other. Therefore, it is necessary to 
15 take measures against the problems. On the other hand, in the twin 
drive turret punch press 10, there is a merit that a stress distortion is not 
generated, and heat is dispersed and averaged. 

Although the opposite end extensions 20a and 20b themselves 
of the eccentric shaft 20 serve as the main shafts 31a and 31b of the 
20 servo motors 30a and 30b in the present embodiment, the present 

invention is not limited to this. If necessary, for example, the eccentric 
shaft 20 and the main shafts 31a and 31b may be formed as separate 
members, the main shafts 31a and 31b may respectively be connected 
to the opposite ends of the eccentric shaft 20 using bolts or other 
25 appropriate means, and they may be formed as one member. The 

eccentric shaft 120 and the main shaft 131 of the servo motor 130 may 
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also be formed in this manner. 

Although the servo drive systems (continuous working systems) 
1 and 101 are applied to the turret punch presses 10 and 110 in the 
embodiment, the present invention is not limited to this, and the system 
can also be applied to various press machines other than the punch 
press. 

The disclosures of Japanese Patent Application Nos. 

2002- 177143 (filed on June 18, 2002), 2002-177150 (filed on June 
18, 2002), 2002-177149 (filed on June 18, 2002), 2003-145372 
(filed on May 22, 2003), 2003-145374 (filed on May 22, 2003), 

2003- 145377 (filed on May 22, 2003), and 2002-177145 (filed on 
June 18, 2002) are incorporated by reference herein in their entirety. 

The embodiments of the present invention disclosed above 
are to be considered not restrictive, changes can be appropriately 
made, and the invention may be embodied in other specific forms. 



